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51 ABSTRACT

The trifluoromethylketone derivatives (I) and pharma-
ceutically acceptable salts thereof have a human leuko-
cyte elastase inhibiting activity and are useful as human

leukocyte elastase inhibitors for treating or preventing
degenerative diseases. The trifluoromethylketone de-

rivatives (I) have the fcllowmg formula:

- R2 R} (I

) l |
RI-NHCO—Q— X—CONHCHCO—Y--CONHCHCOCF3

wherein |

R!is Cj.¢ alkyl which has one or two substituents se-
lected from carboxy, esterified carboxy and di-Ci.6
alkylcarbamoyl; phenyl(Ci.¢) alkyl, the phenyl moi-
ety of which may have halogen or mtro or amino
substituents and the alkyl moiety of which may have
carboxy or esterified carboxy substituents; halo-phe-
nyl; morpholino; or morpholino(C 6) alkyl,

R2 and R3 are each Cr.6 alkyl,

X is — or —NH—, and

Y 1s
—N | > or

—NCH—~

‘and pharmaceutically acceptable salts thereof.

6 Claims, No Drawings '
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TRIFLUOROMETHYLKETONE DERIVATIVES,
PROCESSES FOR PREPARATION THEREOF AND
USE THEREOF

This invention relatés to new trifluoromethylketone
derivatives.

More partlcularly, this invention relates to new tri-
fluoromethylketone derivatives and their pharmaceuti-
cally acceptable salts which have a human leukocyte
elastase-inhibiting activity, to processes for preparation
thereof, and to a pharmaceutical composition compris-
ing the same and to a method of use thereof.

The new trifluoromethylketone denvatwes of this

invention are represented by the following formula (1):

R2 R3 (1)

: |
Rl-—NHCO—@— X—CONHCHCO—Y=—CONHCHCOCF;

?rocess 1:

HOOC

@

2
wherein
R! is lower alkyl which has one or two substituents
selected from carboxy, esterified carboxy and di-
lower alkylcarbamoyl, phenyl(lower)alkyl, the
5  phenyl moiety of which may have halogen or nitro or
amino and the alkyl moiety of which may have car-
boxy or esterified carboxy, halo-phenyl, morpholino
or morpholino(lower)alkyl, |
R2 and R3 are each lower alkyl,
10 X is — or —NH— and

Y 1s

—NCH;—

According to this invention, the new trifluorome-
thylketone derivatives (I) and salts thereof can be pre-
pared by various processes which are illustrated by the
following reaction schemes:

20

R?2 R3

X=CONHCHCO—Y—CONHCHCOCF;

(iI)

J/RI—-NHz (I11)

RZ R3
R’—NHCO—QX-—CONHCIJHCO—Y-CONH(IZHCOCF3
. , 1)
_li’_{g_g&éﬁ 2 - -
R2 R3
| RI_NHco@—x—CONmI:Hco—Y-CONHcI:ml:HCF;;
(V) OH |
| R2 R3
RI-—NHCO—QX—CGNHt!_?HCC}—Y--CONH(I'JHCOCﬁ
' , 43
Process 3
B . R? | R3
R,/ —NHCO X—CONH(IZHC()—Y-CONH(':I-iCOCF;
. @ |
2 R3
Rp!—=NHCO x—CONH(I:Hco—Y—CONH(I:HCOCFg, |
(1%)

Process 4:




5,296,591

3
-continued

NO; CH;NHCOQ CONHCHCON 5

CONHCHCGCF3
NH; CHzNHCOO—CONHCPlCON 5 R3

CONHCHCOCF;-,
Process 5

R2 R3

I
HOOC—R J=NHCO

(1°)

\L(Rdl)zNH (V)

R2
l
(Rz1)NCO—-R —=NHCO

M

In the above formulae, R,! carboxy(lower)alkyl and
R,! is mono- or di- carboxy(lower)alkyl, R.! is lower
alkylene, Rg! is lower alkyl, and R!'to R3, x and Y are
each as defined above.

A pharmaceutically acceptable salt of the new tri-
fluoromethylketone derivatives of the formula (I) may
include a salt with an inorganic or organic base such as
an alkali metal salt (e.g. sodium salt, potassium sait,
etc.), an alkaline earth metal salt (e.g. calcium salt, etc.),
ammonium salt, ethanolamine salt, triethylamine salt,
dicyclohexylamine salt or the like, and an acid addition
salt with organic or inorganic acid such as methane
sulfonate, hydrochloride, sulfate, nitrate, phosphate or
the hike.

Preferred examples and illustrations of the various
definitions, in the above descriptions, which the present
invention includes within the scope thereof are ex-
plained in detail as follows.

The term “lower” is intended to mean 1 to 6 carbon
atoms, unless otherwise indicated.

Preferred examples of ““halogen” is fluorine, chlorine,
bromine and 10dine.

Preferred examples of “lower alkyl” may include a
residue of straight and branched alkane having 1 to 6 55
carbon atoms such as methyl, ethyl, propyl, 1sopropyl,
butyl, isobutyl, t-butyl, pentyl, neopentyl, hexyl and the
like, and preferably the one having 1 to 4 carbon
atom(s).

Preferred examples of “esterified carboxy” may in-
clude an alkyl ester, i.e. alkoxycarbonyl such as lower
alkoxycarbony! (e.g. methoxycarbonyl, ethoxycarbo-
nyl, propoxycarbonyl, butoxycarbonyl, tert-butoxycar-
bonyl, etc.) and a phenyl(lower)alkyl ester, 1.e. phenyl(-
lower)alkoxycarbonyl such as benzyloxycarbonyl and a
benzoyl(lower)alkyl ester, i.e. benzoyl(lower)alkox-

ycarbonyl such as benzoylmethoxycarbonyl, and the
like.
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X—CONHCHCO~Y—CONHCHCOCF3;

R3
|

X=—CONHCHCO~~Y=—CONHCHCOCF3;

Preferred examples of “lower alkylene’” may include
methylene, ethylene, propylene, isopropylene and the
like.

Preferred examples of “di-lower alkylcarbamoyl”
may include N,N-dimethylcarbamoyl, N,N-diethylcar-
bamoyl and the like.

Processes for preparing the object compound (I) or
its salts of this invention are explained in detail in the
following.

In the explanation of Processes 1 to 5 as follows, salts
of Compounds (I), (I9) to (1), and (II) to (V) may in-
clude the same as those exemplified as pharmaceutically
acceptable salt of trifluoromethylketone derivatives (1)

as illustrated hereinbefore.
(1) Process 1:

Compound (1I)+ Compound (HI)}—»Compound (I)

Compound (I) and its salt can be prepared by reacting
Compound (II) or its salt with a Compound (11II) or 1ts
salt.

The reaction of this process can be conducted as
follows.

That is, in one case, as the first step, the carboxy
group of Compound (II) or its salt 1s usual]y activated In
a conventional manner, for example, in the form of its
acid halide, azide, acid anhydride or a mixed anhydride,
activated ester, and the like, and is reacted with the
Compound (II1) to give Compound (I), and in the other
case, the Compound (II) or its salt is reacted with the
Compound (III) or its salt directly in the presence of a
conventional condensing agent such as N,N-dicy-
clohexylcarbodiimide, 1-ethyl-3-(3-dimethylamino-
propyl)carbodiimide and the like.

This reaction is preferably carried out in a solvent
such as N,N-dimethylformamide, methylene chlornde,
chloroform, tetrahydrofuran, dioxane, ethyl acetate,
methanol, ethanol, water or the like under ice-cooling
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to at ambient temperature and the reaction in the pres-
ence of a condensing agent is usually carried out in an
anhydrous, but not critical, conditions.

(2) Process 2:

Compound (IV)—Compound (1)

The Compound (I) and its salt can be prepared- by
oxidizing the Compound (IV) or its salt.
The oxidation is carried out by a conventional

method using an oxidizing agent which can be applied

to converting a hydroxymethyl group to a carbonyl
group such as potassium permanganate, chromic com-
pound (e.g. chromic acid, sodium chromate, dichromic

acid, sodium dichromate, pyridinium chlorochromate,

pyridinium dichromate, etc.), Swern reagent (dimethyl-
sulfoxide and oxalylchloride), Jones reagent and the
like. |

The reaction is usually carried out in a conventional

solvent such as water, acetone, dioxane, dimethylform-
amide, pyridine or any other organic solvents which do

not adversely influence to the reaction, or a mixture

thereof. | |

This reaction is preferably carried out under some-
what milder condition such as under cooling, at room
temperature or under warming.

(3) Process 3:

Compound (I9—Compound (1%

The Compound (I5) and its salt can be prepared by
subjecting the Compound (I9) or its salt to de-esterifica-
tion reaction.

The de-esterification reaction is carried out by a con- -

ventional method such as hydrolysis, reduction or the
like, details of which are explained in the following:

1) Hydrolysis

Hydrolysis is preferably carried out in the presence of
an acid or base. |

‘Suitable acid includes an inorganic acid (e.g. hydro-
chloric acid, hydrobromic acid, sulfuric acid, etc.), an
organic acid (e.g. formic acid, acetic acid, tnfluoroace-

tic acid, propionic acid, benzenesulfonic acid, p-tol-

uenesulfonic acid, etc.), and the like.

Suitable base includes an inorganic base such as alkall
or alkaline earth metal hydroxide or the corresponding
carbonate or bicarbonate (e.g. sodium hydroxide, potas-
sium hydroxide, sodium carbonate, potassium carbon-
ate, sodium bicarbonate, calcium hydroxide, etc.), am-
monium hydroxide or the like; an organic base such as
an alkoxide or phenoxide of the above metal (e.g. so-
dium ethoxide, sodium methoxide, etc.), an amine such
as mono-, di or tri- alkylamine (e.g. methylamine, ethyl-
amine, N,N-dimethyl-1,3-propanediamine, trimethy}-
amine, triethylamine, etc.) or the like.

The hydrolysis is preferably conducted under some-
what milder conditions such as under cooling or under
warming in a solvent which does not have adverse
influence to the reaction, e.g. water, a hydrophilic sol-
vent such as alcohol (e.g. methanol, ethanol, propanol,
etc.), acetone, N,N-dimethylformamide, etc. A liquid
abovementioned acid and base can also be used as a
solvent. | |
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6
2) Reduction

Reduction, including chemical reduction and cata-
Iytic reduction, is carried out in a conventional manner.

Suitable reducing agents to be used in chemical re-
duction are a metal (e.g. tin, zinc, iron, etc.),or a combi-
nation of such metal and/or metallic compound (e.g.
chromium chloride, chromium acetate, etc.) and an
organic or inorganic acid (e.g. formic acid, acetic acid,

propionic acid, trifluoroacetic acid, p-toluenesulfonic
- acid, hydrochloric acid, etc.).

Suitable catalysts to be used in catalytic reduction are
conventional ones such as platinum catalysts (e.g. plati-
num plate, spongy platinum platinum black, colloidal
platinum, platinum oxide, etc.), palladium catalysts (e.g.
spongy palladium, palladium black, palladium oxide,
palladium on carbon, colloidal palladium, etc.), or the
like.

The reduction is usually carried out in a solvent such
as water, an alcohol (e.g. methanol, ethanol, etc.) or the
like. *

The reduction is preferably carried out under some-
what milder conditions such as under cooling, at room
temperature or under warming. | |

(4) Process 4:
Comp;:)und (1)—Compound (I9)

The Compound (19) or its salt can be prepared by
reducing the Compound (I¢) or its salt.

The reduction including chemical reduction and cata-
lytic reduction is carried out in a conventional manner.

Suitable reducing agents may include the same as
those exemplified in Process 3.

The reduction is usually carried out in a solvent such
as water, an alcohol (e.g. methanol, ethanol, etc.) or the
like. |

The reduction is preferably carried out under some-
what milder conditions such as under cooling, at room
temperature or under warming. |

(5) Process 3:
Compound (16)+ Compound (V)}-»Compound ah

Compound (1) and its salt can be prepared by react-
ing Compound (I¢) or its salt with Compound (V) or its
salt. |

The reaction is carried out by substantially the same
method of that of Process 1.

Pharmaceutically acceptable salts of the trifluorome-
thylketone derivatives (I) can be prepared by a conven-

tional method, i.e., by treating the Compound (1) with

an acid or a base. Suitable examples of the acid or base
may include the same as those exemplified in the expla-
nation of “Hydrolysis” of Process 3.
- Starting Compounds (II) to (V) each include new
compounds and can be prepared by Preparations as
described hereinafter and by the similar methods
thereto. | |

The object Compound () including Compounds (19)
to (1) and starting Compounds (II) and (1V) include one
or more isomers due to the asymetric carbon atoms and

all of such isomers are included within the scope of this

invention. |

According to this invéntion, there can be obtained a
mixture of diastereoisomers due to the presence of com-
pounds bearing both R and S configurations at the chi-
ral center marked with A of the formula as mentioned
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below, and there can also be obtained an optically pure
compound.

It is to be noted that said optically pure compound
changes to a mixture of said diastereoisomers In an
aqueous and/or organic solution.

R2 R’
| l
R'—NHCO—@— X—CONHCHCO—Y—CONHCHCOCF;
A

Further, it is to be noted that the object compound (I)
of this invention provides a hydrate form in an aqueous
solution, which is included within the scope of this
invention.

The trifluvoromethylketone derivatives (1) and phar-
maceutical acceptable salt thereof have a human leuko-
cyte elastase-inhibiting activity and is useful as human
leukocyte elastase inhibitors for treating or preventing
degenerative diseases, for example, pulmonary emphy-
sema, atherosclerosis, rheumatoid arthritis, arthroscle-
rosis, osteoarthritis, psoriasis, pancreatitis, pertodonto-
sis, pulmonary fibrosis, cystic fibrosis, chronic bronchi-
tis, bronchiectasia, diffuse panbronchiolitis, respiratory
injury, adult respiratory distress syndrome and the like,
and further is useful for treatment or prevention of
asthma, graft rejection nephritis, hydroa, disseminated
intravascular coagulation, shock, systemic lupus ery-
thematosus, clone disease, ischemia-reperfusion injury,
chronic obstructive pulmonary disease (COPD), pre-
mature rupture of the membrane (PROM), corneal sar-
ring or fibroblast proliferation (ocular coagulation,
burns, mechanical and chemical injury, kerato-conjunc-
tivitis, etc.), and sepsis.

In order to illustrate the usefulness of the trifluorome-
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thylketone derivatives (I) and their pharmaceutically -

acceptable salt, pharmacological test data thereof are
shown below.

Test 1.: Protease Inhibition assay (in vitro)

(1) Method

A buffer used throughout the assay was 0.1M
HEPES (4-(2-hydroxyethyl)-1-piperazineethanesul-
fonic acid) containing 0.5M NaCl, pH 7.5. Twenty-five
microliters of 2 mM methoxysuccinyl-(Ala);-Pro-Val-
p-nitroanilide (100 mM of dimethyl sulfoxide solution
were diluted in the buffer) and 50 ul of sample (10 ul of
sample in organic solvent was diluted 5-fold 1n the
buffer) were mixed in wells of 96 well-microliter plate.
An absorbance of the mixture in wavelength at 415 nm
was measured by a microplate reader (Corona Electric
Co., Ibaraki, Japan). After the measurement, 25 ul of 6
pg/ml human sputum elastase (HSE) was added and the
mixture was allowed to stand for 30 minutes at room
temperature. Then, the absorbance at 415 nm was mea-
sured. Percent inhibition by drug was determined by
100X (1-*r” inhibitor present/“r” inhibitor absent),
where “r” is absorbance after 30 minutes incubation
minus absorbance before enzyme addition. Effect of
inhibitors against porcine pancreas elastase (Type IV, 5
ug/ml final) was assayed similarly using N-succinyl-
(Ala)s-p-nitroanilide. HSE was obtained from Elastin
Products Company Inc., Mo., U.S.A. All other sub-
strates and protease were purchased from Sigma Chem-
icais Co.

40
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st —

Inhibitory effect on several serine protease activity

1Csqg (M)

Test Compound Human sputum Porcine pancreas

(Example No.) elastase elastase
1 4.5 x 10~ 4.4 % 10—
3 9.8 X 10—7 8.7 X 10—
4 1.4 x 10—6 2.9 x 10—°
5 3.0 X 10—7 51 % 10—9
6 4.3 x 10-7 6.9 X 10—6
7 3.2 X 107 3.8 X 10—
8 8.7 x 10~ 1.6 X 10—
9 8.7 x 10~7 9.5 x 10—
10 8.0 %X 109 3.1 x 10—4
13 7.2 X 10—7 3.3 x 10—
15 6.1 X 10—7 2.0 x 10—
16 7.1 x 10—9 3.0 X 1073
17 1.1 % 10—% 3.4 x 10—
18 6.1 X 10~7 38 X 10—°
19 6.8 x 10—7 3.0 x 10—¢
20 8.9 x 10—7 2.4 X 10—6
21 1.2 X 10—% 3.7 X 10—%
22 6.8 X 10—7 4.9 x 10—%
23 8.1 X 10— 24 %X 10—6
24 1.4 x 10—9 1.8 X 10—
27 2.4 %X 10—6 1.6 X 10—5
29 2.4 x 10— 1.9 X 10—7

Test 2.: Determination of the activity in
elastase-induced pulmonary damage

(1) Method

Hamsters under pentobarbital anesthesia were used.
Saline or saline-containing human sputum elastase was
instilled intratracheally via a small incision in the ven-
tral neck region using l-ml syringe with a 27-gauge
needle. After 3 hours, animals were sacrificed by CO;
asphyxiation, each animal’s trachea was reexposed. The
lungs were then laveged using a 2.5-ml aliquot of saline
and then withdrawing the saline, yielding a final volume
of approximately 1.5 ml bronchoalveolar lavage (BAC)
fluid from each animal.

The cells of BAL fluid were collected by centrifuga-
tion and were then diluted with distilled water to dis-
rupt, and the hemoglobin contents determined spectro-
photometrically at 541 nm.

Test drugs were dissolved in saline or methyl cellu-
lose, and instilled intratracheally in the same manner as
used to instill elastase, at 5 minutes before instillation of
elastase.

(2) Result: Inhibitory effect on
elastase-induced lung hemorrhage

| 5 min. %%
Test Compound predose Hemorrhage inhi- EDsg
(Example No.) (ug/site) (OD541 nm) bition (ug/site)

Normal 0.6449 + (0.173%%» —

Control 14.66 + 1.68 —_
13 i 11.63 + 1.99 21.6 3.0

10 4,217 + 1.02%* 74.5

100 0.6384 * 0.222¢*** 100.0

Normal 0.8352 + 0.423%%* —_

Control 12.89 + 1.44 -—
19 1 11.59 &= 1.40 10.8 2.4

10 1.663 = 0.690*** 03]

100 0.214]1 & 0.020*** 105.2

Normal 0.8352 = 0.423%+* —

Control 12.890 + 1.44 —
20 ] 10.94 + 1.35 16.1 2.5

10 2.522 + 0.803*** £6.0

100 0.2680 = 0.050*** 104.7

Normal 0.6449 =+ (0.173%%» —

Control 14.66 = 1.68 —
2] 1 12.76 = 1.11 13.6 4.5
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-continued

(2) Result: Inhibitory effect on
elastase-induced lung hemorrhage

5 min. Te
Test Compound predose  Hemorrhage inthi- EDsg
(Example No.) (ug/site) (OD541 nm) bition (ug/site)
10 5.372 x 2.06** 66.3 |

100 0.6476 = 0.129*** 100.0
Normal 0.9424 + 0.403*** —
Control 11,05 £+ 1.40 —

23 1 9.435 % 0.941 16.0 3.2
10 3.412 &+ 1.31%* 75.6
100 0.7258 = 0.303*** ]102.1
Normal 0.3203 £ 0.150%* —
Control 14.11 = 1.80 —

27 ] 10.68 &+ 1.25 24.8 3.7
10 4.878 + 0.917** 66.9
100 0.3451 + 0.084*** Q9.8
Normal 0.3199 = (,150%%* —r
Control i4.11 = 1.80 —_—

29 1 12.05 = 1,95 14.9 17.9
10 8.155 + 1.76* 43.2
100 4.545 + 1.49** 69.4

p < 0.05, **P < 0.0}, ***P < 0.00! (Student‘s t-test)

Test 3: Effect on human sputum elastase induced paw
edema in mice

(1) Materials and methods

Male C57BL mice at the age of 7-8 weeks were ob-
tained from Japan Clear Inc,.

Human sputum elastase (HSE) was purchased from
Elastin Products Company, Inc,. The test drug was
administered subcutaneously, and 15 minutes later,
HSE was injected into the right hind footpad at the
dosage of 20 ug/site, and saline into the left hind foot-
pad as the control. After 2 hours of HSE injection, the
paw edema was measured with the dial thickness gage,
and the difference of the thickness between right and

left hind footpads was calculated.

_(2) Results: Effect on the elasias_g induced paw edema in mice
Treatment of

the compound
of Example 19

(mg/kg) n
Control 5
I 5
10 5 37.0 = 1341
100 5 27.0 =+ 4.66*

*p < 0.05 vs control group (Student’s t test)

% Inhibition
of paw edema

‘Thickness of footpad
(X 10~ mm)

46.8 = 5.76
43.8 = 5.67

- 6.4
20.9
- 42.3

5,296,591
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Test 4: Effect on experimentally induced emphyseman
| in hamsters

(1) Materials and methods -

Male golden Syrian hamsters, weighing approxi-
mately 120 g, were obtained from Japan SLC Inc,.

Porcine pancreatic elastase (PPE) was purchased
from Elastin Products Company, Inc,. Dialferin was
purchased from Japan Roche Inc,.

Hamsters were anesthetized intraperitoneally with
Pentobarbital. The compound of Example 19 was dis-
solved in saline. Both prior art compounds A and B
were suspended in 0.5% methyl cellulose. The drugs
were instilled intratracheally through the oral cavity, 5
minutes before 100 pg/site of PPE in 0.2 ml of saline
instillation. Three weeks after PPE instillation, the ham-
sters were anesthetized with Pentobarbital. Respiratory
mechanics were studied in supine hamsters using a
whole body, constant-volume, variable pressure ple-

thysmograph to measue volume. A water-filled esopha-

‘geal catheter was used to estimate pleural pressure.

Quasi-static deflation pressure-volume (P-V) curves
were obtained by intraperitoneally administered Dialf-
erin to suppress spontaneous breathing inflating the -
lungs to a transpulmonary pressure (PL) of 30 cm H>O,
permitting slow deflation to a PL of 0 cm HO and
gently aspirating to a PL of —20 cm H0. Quasi-static
lung compliance (Cst) was defined as the slope of the
steep portion of the deflation P-V curve in the mid-
volume range. Vital capacity was defined as the differ-
ence in lung volume between TLC25 (volume at
PIL. =25 cm H,0) and RV-20 (volume at PL = —20 c¢m
H,0). |

(2) Results

Pretreatment with the compound of Example 19 pre-

vented the development of PPE-induced increases in
lung mechanics in a dose dependent manner as shown in
the following table. Considering Cst and VC values, the
potency of the compound of Example 19 was superior
to the prior art compounds A and B.

 Effect on experimentally induced emphysema 1n
hamsters

Treatment
(ug/site)

Exp. 1
Normal

Cst VC
f (ml/cmH>0) {ml)
8 0.53 = 0.02%** 4.9 =+ 0.]***
'8 154 % 0.10 7.3 + 0.2

Control
Compound of

Example 19
1

10

100

Exp. 2

Normal

Control

Prior art
Compound A __

100
1000
Exp. 3

Normal

g 1.39 + 0.05(15%)
8 0.70 = 0.04(849%)%**
7 0.53 = 0.02(100%)***

7.0 =+ 0.1(12%)
5.8 = 0.1(65%)***
5.0 + 0.1(97%)***

4.6 = 0.1***
6.8 + 0.1

8 0.51 == 0.02***
8§ 162012

8 1.55 + 0.11(7%)
8§ 1.22 + 0.15(37%)

6.9 = 0.2(—1%)
6.6 = 0.2(9%)

§ 049 =+ 0.02** 4.6 & 0.2%%*
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11 12
-continued
Treatment Cst V(C
{(pg/site) n (ml/cmH»0) (ml})
Control 6 1.18 == 0.21 7.0 = 0.2
Prior art
Compound B |
32 8 1.95 * 0.08(32%) 6.1 0.3(399.)*
320 8 0.74 = 0.05(639%)* 5.8 &= 0.2(49% )**
Cst = Quasi static lung compliance,
VC = Vital capacity
(%¢) = Inhibition
*p < Q.05
**p <« 0.0],
***p < 0.001 vs Control (Student’s t test)
Prior art compound A (Japanese Kokai Tokkyo Koho No. 61-218518):
CH3 CH3 CH;:,

CH
—NHCO CONHCH =—CON

CONHCH=—COCF3;
Prior art compound B (Japanese Kokai Tokkyo Koho No. 2-2566357):
CH3 CHj CH;
N\ /

CH

‘QSO;NHCOO— C{)NHCH—CONCH-lCDhHCH—COCF;

Pharmaceutical compositions of this invention can be
used in a conventional pharmaceutical forms such as
powders, fine granules, granules, tablets, dragee, injec-
tions, inhalations, microcapsules, capsules, suppository,
solution, suspension, emulsion, syrups and the like. If
desired, diluents or disintegrators (e.g. sucrose, lactose,
starch, crystalline cellulose, low-substituted hydroxy-
propyl cellulose, synthetic aluminum silicate, etc.),
binding agents (e.g. cellulose, methylcellulose, hydrox-
ypropylcellulose, hydroxypropylmethylcellulose, poly-
propylpyrrolidone, polyvinylpyrrolidone, gelatin, gum
arabic, polyethyleneglycol, etc.), coloring agents,
sweeting agents, lubricant (e.g. magnesium stearate,
etc.) or the like, may be dispensed with said composi-
t1on.

The dosage of said composition of this invention
depends on the patient’s age, body weight, condition,
etc., and it is generally administered by the oral or in-
hale route at the daily dose level of 1 mg to 1 g as the
object compound or its pharmaceutically acceptable
salt, preferably 10 mg to 500 mg on the same basis, at the
interval of 1 to 3 times a day. Typical unit doses may be
5 mg, 10 mg, 20 mg, 50 mg, 100 mg and the like, al-
though these are only examples and not himitative.

The following Preparations and Examples are given
for the purpose of illustrating this invention.

In the Preparations and Examples, the following
abbreviations are used.

WSCD: 1-ethyl-3-(3-dimethylaminopropyl)carbodii-

mide
HOBT: N-hydroxybenzotriazole
DMF: N,N-dimethylformamide
DMSO: dimethylsulfoxide

Preparation 1

To a solution of N-(tert-butoxycarbonyl)-L-valine
(10.86 g) and L-proline benzyl ester hydrochloride
(12.09 g) in DMF (50 ml) were added HOBT (6.76 g)
and WSCD (7.76 g) under ice-bath cooling. After being

35

40

45

50

stirred at room temperature for 18 hours, the reaction
mixture was concentrated under reduced pressure. The
residue was dissolved in ethyl acetate (400 mli) and
washed with 5% aqueous citric acid (200 ml) saturated
aqueous sodium bicarbonate (200 ml). The solution was
dried over magnesium sulfate and evaporated under
reduced pressure to give N-(tert-butoxycarbonyl)-L-
valyl-L-proline benzyl ester (20.06 g) as an oil.

TLC (Kiesel gel 60 ¥254 silica gel plate, Merck) (The
same meaning in the following Preparations and Ex-
amples, unless otherwise indicated)

Rf: 0.62 (Hexane:AcOEt=2:1)

The following compounds were prepared by a similar

method to that of Preparation 1.

Preparation 2

4-(Methoxycarbonyl)phenylcarbonyl-L-valyl-L-pro-
line benzyl ester

oil
TLC Rf: 0.89 (CHCl3:MeOH=10:1)

Preparation 3

5 3(RS)-[{4-(Methoxycarbonyl)phenylcarbonyl}-L-valyl-

60

65

L-prolyllamino-1,1,1-trifluoro-2(RS)-hydroxy-4-meth-
ylpentane
mp: 64°-67° C.
TLC Rf: 0.63 and 0.60 (CHCl3:MeOH=10:1)

Preparation 4

3(R or
S)-[[4-(Methoxycarbonyl)phenylcarbonyl]-L-valyl-L-
prolyllamino-1,1,1-trifluoro-2(R or
S)-hydroxyA-methy]pentane

mp: 65°-75° C.
TLC Rf: 0.65 (CHCl;:MeOH=10:1)
[a]p?%: —56.23° (C=0.14, MeOH)
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Preparation 5

~ 3(Ror
S)-{(4-(Benzyloxycarbonylmethylaminocarbonyl)-
phenylcarbonyl]-L-valyl-L-prolyl}amino-1,1,1-tri-
fluoro-2(R or S)-hydroxy-4-methylpentane
mp: 70°-80° C.
TLC Rf: 0.65 (CHCl3: MeOH-— 10:1)
[a]p?2: —46.59° (C=0.165, MeOH)

Preparation 6
3(R or

S)-{[4-(Benzyloxycarbonylmethylaminocarbonyl)-

phenylcarbonyl]-L-valyl-L-prolyl]amino-1,1,1-tri-
fluoro-2(R or S)-hydroxy-4-methylpentane

mp: 80°-90° C.

TLC Rf: 0.60 (CHC13 MeOH— 10:1)

[a]p?2: —-2_7 59° (C=0.165, MeOH)

Preparation 7
3(R or
S)-[[4-(Methoxycarbonyl)phenylcarbonyl}-L-valyl-L-
prolyl]lamino-1,1,1-trifluoro-2(R or |
S)-hydroxy-4-methylpentane
‘mp: 68°-85° C.
TLC Rf: 0.60 (CHCl3: MeOH=10:1)
[a] p?2: —42.63° (C=0.175, MeOH)
| Preparation 8
N-(tert-Butoxycarbonyl)-L-valyl-L-proline  benzyl

ester (20.0 g) was dissolved in 4N hydrogen chloride in
dioxane (30 ml) under ice bath cooling. After being
stirred at room temperature for one hour, the reaction
mixture was evaporated under reduced pressure. The
residue was pulverized with ether to give L-valyl-L-
proline benzyl ester hydrochloride (14.56 g).

mp: 66°-69" C.

TLC Rf: 0.55 (CHCli1:MeOH =10:1)

Preparation 9

A solution of N-4-(methoxycarbdnyl)phenylcarbo--

nyl-L-valyl-L-proline benzyl ester (18.53 g) in methanol
(150 ml) was hydrogenated over 10% palladium on
carbon (1.0 g) at 3 atmosphere pressure of hydrogen for
1.5 hours at room temperature. After the catalyst was
removed by filtration, the filtrate was evaporated under
reduced pressure to give 4-(methoxycarbonyl)phenyl-
carbonyl-L-valyl-L-proline (14.20 g).

mp: 68°-71° C. |

TLC Rf: 0.27 (CHCi3:MeOH=10:1)

‘Preparation 10

To a solution of oxalyl chloride (0.82 ml) in dichloro-
methane (5 ml) were added dimethylsulfoxide (1.34 ml)

and a solution of 3(RS)-[[4-(4-methoxycarbonyl)phenyl-

carbonyl]-L-valyl-L.-prolyl]lamino-1,1,1-trifluoro-
2(RS)-hydroxy-4-methylpentane (2.5 g) in dichioro-

methane 10 ml) at —70° C. successively. After the mix-

ture was stirred for one hour at —40° C., triethylamine
(2.63 ml) was added. The mixture was stirred for an
additional 30 minutes at the same temperature and
washed with 0.SN hydrochloric acid (15 ml) and 3%
sodium bicarbonate aqueous solution (15 ml). The or-
ganic layer was dried over magnesium sulfate and evap-

14

methoxycarbonyl)phenylcarbonyl]- L-valyl-L-prolyl- |

jamino-1,1 1—tnﬂuoro-4-methy1 2-oxopentane (2.18 g).
mp: 67°-70° C.
TLC Rf: 0.51 (CHCls: MeOH—- 10:1)

| Preparation 11 _ |
To a solution of 3(RS)-[[4-(4-methoxycarbonyl)-

phenylcarbonyl]-L-valyl-L-prolyl]amino-1,1,1-tn-

B fluoro-4-methyl-2-oxopentane (2.1 g) in methanol (40

10
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orated under reduced pressure. The residue was puri-

fied with silica gel (50 g) column chromatography
(chloroform:methanol =50:1) to give 3(RS)-[[4-(4-

ml) was added IN aqueous sodium hydroxide (15 mi)
under ice-bath cooling. After the mixture was stirred at
room temperature for 2 hours, methanol was evapo-
rated. The concentrate was washed with ether (30 ml),

then acidified to pH 2 with 1IN hydrochloric acid. The

' aqueous solution was extracted with ethyl acetate (20

m}). The extract was washed with brine (10 ml), dried
over magnesium sulfate and concentrated under re-
duced pressure to give 3(RS)-{(4-carboxyphenylcar-
bonyl)-L-valyl-L-prolyljamino-1,1, l-tnﬂuoro-4-meth—
yl-2-oxopentane (1.94 g).

mp: 215°-220° C.

TLC Rf: 0.63 (CHCl;:MeOH:AcOH=28:2:1)

The following compounds were prepared by a similar

“method to that of Preparation 11.

Preparation 12

3(R or
S) [[4-(Carboxy)phenylcarbonyl]-L-valyl-L-prolyl-
lamino-1,1,1-trifluoro-2(R or
| _S)-hydroxy-4-methylpentane (0.61 g)

mp: 266°-269° C.
TLC Rf: 0.42 (Benzene:EtOAc:AcOH =20:20:1)
[a]p??: —49.71° (C=0.1, MeOH) |

Preparation 13

3(Ror
S)-[[4- (Carboxy)phenylcarbonyl] L-valyl-L-prolyl-
Jamino-1,1,1-trifluoro-2(R or -
S)-hydroxy-4-methylpentane

mp: 265°-268° C.
TLC Rf: 0.40 (Benzene:EtOACc: AcOH 20:20: l)
[alp?2: —64.25° (C=0.16, MeOH)

Preparation 14

A solution of 28% sodium methoxide in methanol (3.0
ml) was added to a solution of 3(RS)-amino-1,1,1-tri-
fluoro-2(RS)-hydroxy-4-methylpentane hydrochloride
(3.2 g) in ethanol (30 ml) at room temperature. After
removal of the precipitated sodium chloride by filtra-
tion, (2R,3R)-L-tartaric acid (2.3 g) was added to the
filtrate. The mixture was warmed until tartaric acid was
dissolved and filtrated. The filtrate was allowed to stand
for 5 hours at room temperature. The precipitated crys-
talline solid (1.94 g) was collected by filtration and
dissolved in 1IN aqueous sodium hydroxide. The solu-
tion was extracted with ethyl acetate (10 ml) and the
extract was mixed with 4N-hydrogen chloride in ethyl
acetate. After removal of ethyl acetate, the residue was

pulverized with diisopropyl ether (10 ml) to give 3(R or

S)-amino-1,1,1-trifluoro-2(R or S)-4-methylpentane hy-
drochloride (1.03 g). | |

mp: 165°-170° C.

TLC Rf: 0.50 (CHCl3:MeOH=10:1)

[a]p?2: +11.39° (C=0.13, MeOH)

The following compound was prepared by a similar
method to that of Preparation 14.
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Preparation 15

3(R or S)-Amino-1,1,1-trifluoro-2(R or
S)-4-methylpentane hydrochloride

mp: 165°~170° C.
TLC Rf: 0.55 (CHCl3:MeOH =10:1)
[a]p?2: —10.56° (C=1.05, MeOH)

Preparation 16

To a solution of methyl p-aminobenzoate (0.4 g) in
tetrahydrofuran (10 ml) was added trichloromethyl-
chloroformate (0.31 g) and the mixture was allowed to
stand overnight at room temperature. IL.-Valine benzyl

10

ester (0.54 g) was added to the solution and the pH of 5

the mixture was neutralized with triethylamine. After
being stirred for 30 minutes at room temperature, the
mixture was concentrated under reduced pressure and
the residue was extracted with ethyl acetate (10 ml).

The extract was washed with 1N-hydrochloric acid (10 20

ml) and aqueous sodium bicarbonate (10 mi) and con-

centrated to dryness to give 4-(methoxycarbonyl)-

phenylaminocarbonyl-L-valine benzyl ester (1.17 g).
TLC Rf: 0.55 (CHCl13:MeOH=10:1, V/V)

Preparation 17

4-(Methoxycarbonyl)phenylaminocarbonyl-L-valine
(0.83 g) was prepared from 4-(methoxycarbonyl)-
phenylaminocarbonyl-L-valine benzyl ester (1 g) by a
similar method to that of Preparation 9.

TLC Rf: 0.3 (CHCI3:MeOH:H,0=65:25:4)

Oil

Preparation 18

[4-(Methoxycarbonyl)phenylaminocarbonyl}-L-
valyl-L-proline benzyl ester (1.0 g) was prepared from
4-(methoxycarbonyl)phenylaminocarbonyl-L-valine
(0.83 g) and L-proline benzyl ester hydrochloride (0.65
g) by a similar method to that of Preparation 1.

TLC Rf: 0.60 (CHCl3:MeOH =10:1)

Oil

Preparation 19

[4-(Methoxycarbonyl)phenylaminocarbonyl]-L.-

valyl-L-proline (0.69 g) was prepared from [4-(methox-

ycarbonyl)phenylaminocarbonyl]-L-valyl-L-proline
benzyl ester (1.0 g) by a similar method to that of Prepa-
ration 9. |

TLC Rf: 0.35 (CHCl3:MeOH:H,0=65:25:4)

Oil

Preparation 20

3(RS)-[[4-(Methoxycarbonyl)phenylaminocarbonyl}-
L-valyl-L-propyljamino-1,1,1-tnfluoro-2(RS)-hydroxy-
4-methylpentane (1.03 g) was prepared from 4-(methox-
ycarbonyl]phenylaminocarbonyl]-L-valyl-L-proline
(0.69 g) and 3(RS)-amino-1,1,i-trifluoro-2(RS)-
hydroxy-4-methylpentane hydrochloride (0.37 g) by a
similar method to that of Preparation 1.

TLC Rf: 0.45 (CHCi3:MeOH=10:1)

Oil

Preparation 21

3(RS)-{[4-(Methoxycarbonyl)phenylaminocarbonyl]-

L-valyl-L-prolyljamino-1,1,1-trifluoro-2-oxo-4-methyl-

pentane (0.98 g) was prepared from 3(RS)-[[4-(methox-
ycarbonyl)-phenylaminocarbonyl]-L-valyl-L-prolyl-
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16
Jamino-1,1,1-trifluro-2(RS)-hydroxy-4-methylpentane
(1.0 g) by a similar method to that of Preparation 10.

mp: 90°-100° C. |
TLC Rf: 0.50 (CHCl3:MeOH =10:1)

Preparation 22

3(RS)-[[4-(Carboxy)phenylaminocarbonyl]-L-valyl-
L-prolyljamino-1,1,1-trifluoro-2-0xo0-4-methylpentane
(0.2 g) was prepared from 3(RS)-[{4-(methoxycar-
bonyl)phenylaminocarbonyl]-L-valyl-L-prolyl]lamino}-
1,1,1-trifluoro-2-0xo-4-methylpentane (0.3 g) by a simi-
lar method to that of Preparation 11.

mp: 125°-130° C.

TLC Rf: 0.50 (CHCl13:MeOH:H,0=65:25:4)

Preparation 23

To a solution of N-(tert-butoxycarbonyl)-L-valine
(4.35 g) and triethylamine (2.13 g) in dry CH;C1, (40 ml)
was added isobutyl chloroformate (2.87 g) at —20° C.
After being stirred at same temperature for 30 minutes,
a solution of N-(2-indanyl)glycine benzyl ester (5.37 g)
in dry CH,Cl; (20 ml) was added at —20° C. The reac-
tion mixture was stirred at — 10° C. for one hour then at
room temperature for 4 hours. After the reaction mix-
ture was evaporated under reduced pressure, the resi-
due was dissolved in ethyl acetate (100 ml) and washed
with saturated aqueous sodium bicarbonate (100 mi X 2).
The organic layer was dried over magnesium sulfate
and evaporated under reduced pressure The residue
was purified with silica gel (50 g) column chromatogra-
phy (CHCl3:AcOEt=10:1) to give N-(tert-butoxycar-
bonyl)-L-valyl-N-(2-indanyl)glycine benzyl ester (2.20
g) as an oil.

TLC Rf: 0.78 (Hexane:AcOEt=2:1)

Preparation 24

L-Valyl-N-(2-indanyl)glycine benzyl ester hydro-
chloride (1.83 g) was prepared from N-(tert-butoxycar-
bonyl)-L-valyl-N-(2-indanyl)glycine benzyl ester (2.14
g) by a similar method to that of Preparation 8.

mp: 162°-163° C,

TLC Rf: 0.58 (CHCl3;:MeOH=10:1)

Preparation 25

N-[4-(Methoxycarbonyl)phenylcarbonyl}-L-valyl-N-
(2-indanyl)glycine benzyl ester (1.24 g) was prepared
from L-valyl-N-(2-indanyl)glycine benzyl ester hydro-
chloride (1.80 g) and terephthalic acid mono methyl

ester (0.86 g) by a similar method to that of Preparation
1

' mp: 72°-76° C.
TLC Rf: 0.29 (CHCI3)

Preparation 26

N-[4-(Methoxycarbonyl)phenylcarbonyl]-L-valyl-N-
(2-indanyl)glycine (0.83 g) was prepared from N-[4-
(methoxycarbonyl)phenylcarbonyl]-L-valyl-N-(2-

indanyl)glycine benzyl ester (1.20 g) by a similar

method to that of Preparation 9.
mp: 163°-164° C.
TLC Rf: 0.48 (CHCI3:MeOH=10:1)

Preparation 27

3(RS)-[[4-(Methoxycarbonyl)phenylcarbonyl]-L-
valyl-N-(2-indanyl)glycyllamino-1,1,1-trifluoro-2(RS)-
hydroxy-4-methylpentane (1.06 g) was prepared from
N-[4-(methoxycarbonyl)phenylcarbonyl}-L-valyl-N-(2-
indanyl)glycine (0.80 g) and 3(RS)-amino-1,1,1-tri-
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fluoro-2(RS)-hydroxy-4-methylpentane hydrochlonde
(385 mg) by a similar method to that of Preparation 1.
mp: 76°-78° C.
TLC Rf: 0.71 (CHCl3:MeOH = 10 1)

5
Preparation 28
3(RS)-[[4-(Methoxycarbonyl)phenylcarbonyl]-L-
valyl-N-(2-indanyl)glycyljamino-1,1,1-trifluoro-4-
methyl-2-oxopentane (0.84 g) was prepared from 3(RS)-
[[4-(methoxycarbonyl)phenylcarbonyl}-L-valyl-N-(2- 10

indanyl)glycyl]-amino-1,1,1-trifluoro-2(RS)-hydroxy-4-
methylpentane (1.03 g) by a similar method to that of
Preparation 10.

mp: 62°-64° C.
TLC Rf: 0.74 (CHCl3:MeOH=10:1)

Preparation 29

~ 3(RS)-[(4-Carboxyphenylcarbonyl)-L-valyl-N-(2-
indanyl)glycyl]amino-1,1,1-trifluoro-4-methyl-2-oxo-

15

~ pentane (0.76 g) was prepared from 3(RS)-[[4-(methox- 20

ycarbonyl)phenylcarbonyl}-L-valyl-N-(2-indany})-
glycyllamino-1,1,1-trifluoro-4-methyl-2-.oxopentane
(0.83 g) by a similar method to that of Preparation 11.
mp: 84°-86° C.
TLC Rf: 0.15 (CHC13 MeOH=10: 1)

EXAMPLE I

To a mixture of glycine benzyl ester p-toluene-sulfon-
ate (66 mg) and 3(RS)-[(4-carboxyphenylcarbonyl)-L-
valyl-L-prolyl]lamino-1,1,1-trifluoro-4-methyl-2-o0xo-
pentane (100 mg) in DMF (6 ml) were added HOBT (26
mg) and WSCD (30 mg) under ice-bath cooling. After
being stirred at room temperature for 4 hours, the mix-
ture was concentrated under reduced pressure. The
~ residue was dissolved in ethyl acetate (30 ml) and
washed with 59 aqueous citric acid (20 ml), water (20
ml), 5% aqueous sodium bicarbonate (20 mi) and brine
(20 ml). The solution was dried over magnesium sulfate
and evaporated under reduced pressure to give 3(RS)-

25
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35

[[4-[(benzyloxycarbonyl)methylaminocarbonyl]- 40
phenylcarbonyl}-L-valyl-L-prolyljamino-1,1,1-tri-
fluoro-4-methyl-2-oxopentane (125 mg) |

mp: 77°-78° C.

TLC Rf: 0.56 (CHCl3:MeOH = 10:1) 3

The following compounds were prepared by a similar
method to that of Example 1.

EXAMPLE 2 |
3(RS)-[[4-[[2-(4-Morpholino)ethyl]Jaminocarbonyl]-
phenylcarbonyl}-L-valyl-L-prolyljamino-1,1,1-tri-
fluoro-4-methyl-2-oxopentane
mp: 98°-102° C. -
TLC Rf: 0.24 (CHCl;3: MeOH— 10:1)

EXAMPLE 3

3(RS)-[[4-[(3-Benzoylmethoxycarbonyl)-
propylaminocarbonyl]phenylcarbonyl}-L-valyl-L-
prolyllamino-1,1,1-trifluoro-4-methyl-2-oxopentane
mp: 70°-73° C. | '
TLC Rf: 0.71 (CHCl3:MeOH=10:1)

EXAMPLE 4

3(RS)-[[4-[(4-Morpholino)aminocarbonyl]-phenylcar-
bonyl]-L-valyl-L-prolyl]lamino-1,1,1 tr1ﬂuoro-4-meth-
yl-2-oxopentane

mp: 191°-193° C.
TLC Rf: 0.59 (CHCI3:MeOH=10:1)

50
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EXAMPLE 5

3(RS)-[[4- [(4-Ch1Qrobenzyl)aminocarbonyl]-phenylcar-
bonyl]-L-valyl-L-prolyljamino-1,1,1-trifluoro-4-meth-
- yi-2-oxopentane

mp: 87°-89° C.
TLC Rf: 0.43 (CHCl3:MeOH =10:1)

EXAMPLE 6

3(RS)-[[4-[(4-Nitrobenzyl)aminocarbonyl]phenylcar-
bonyl] L-valyl-L-prolyl]amino-1,1,1-trifluoro-4-meth-
| yl-2-oxopentane

mp: 94°-96" C.
TLC Rf: 0.57 (CHCls: MeOH = 10: l)

EXAMPLE 7

3(RS)-[[4-[(4-Chlorophenyl)aminocarbonyl]phenylcar-
bonyl}-L-valyl-L-prolyllamino-1,1,1-trifluoro-4-meth-
yl-2-0xopentane

mp: 71°-72° C.
TLC Rf: 0.79 (CHCl3:MeOH=10:1)

EXAMPLE 8

3(RS)-[[4-[[(l(R)-Benzyloxycarbonyl)-Z-phenyl]e-
thylaminocarbonyl]phenylcarbonyl]-L-valyl-L-prolyl-
Jamino-1,1,1-trifluro-4-methyl-2-oxopentane

mp: 65°-67° C.
TLC Rf: 0.82 (CHCl3:MeOH =10:1)

EXAMPLE 9

3(RS)-[[4-[[(1(S)-Benzyloxycarbonyl)-2-phenyl]e-
thylaminocarbonyl]phenylcarbonyl]-L-valyl-L-prolyl-
lamino-1,1,1-trifluoro-4-methyl-2-oxopentane

mp: 108°-110° C.- -
TLC Rf: 0.82 (CHCl3: MeOH-— 10:1)

EXAMPLE 10

3(RS)-[[4-[[1(S),3-bis(Benzyloxycarbonyl)propyl-
Jaminocarbonyl]phenylcarbonyl}-L-valyl-L-prolyl-
Jamino-1,1,1-trifluoro-4-methyl-2-oxopentane

mp: 58°-60° C.
TLC Rf: 0.83 (CHCI3:MeOH =10:1)

EXAMPLE 11

To a solution of oxalyl chloride (0.09 ml) in dichloro-
methane (2 ml) were added dimethylsulfoxide (0.15 ml)
and a solution of 3(R or S)-{[4-(benzyloxycarbonylme-
thylaminocarbonyl)phenylcarbonyl}-L-valyl-L-prolyl-
Jamino-1,1,1-trifluoro-2(R or S)-hydroxy-4-methylpen-
tane (0.35 g) in dichloromethane (4 ml) at 70° C. succes-
sively. After the mixture was stirred for one hour at
—40° C., triethylamine (0.29 ml) was added. The mix-
ture was stirred for an additional 30 minutes at the same
temperature and washed with 0.5N hydrochloric acid
(15 ml) and 5% sodium bicarbonate aqueous solution
(15 m!). The organic layer was dried over magnesium
sulfate and evaporated under reduced pressure. The
residue was purified with silica gel (20 g) column chro-
matography (Chloroform:methanol=150:1) to give 3(R
or S)-[[4-(benzyloxycarbonylmethylaminocarbonyl)-
phenylcarbonyl]-L-valyl-L-prolylJamino-1,1,1-tri-
fluoro-2-oxo-4-methylpentane (0.22 g).

mp: 159°-161° C.

TLC Rf: 0.63 (CHCl3:2MeOH = 10:1)

[a] p?2: —39.66° (C=0.105, MeOH)
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The following compound was prepared by a similar
method to that of Example 11.

EXAMPLE 12

3(R or
S)-{[4-(Benzyloxycarbonylmethylaminocarbonyl)-
phenylcarbonyl]-L-valyl-L-prolyl]Jamino-1,1,1-tri-

fluoro-2-oxo-4-methylpentane

mp: 141°-143° C.
TLC Rf: 0.68 (CHCl3:MeOH = 10:1)
[a]p?%: —41.90° (C=0.15, MeOH)

EXAMPLE 13

A solution of 3(RS)-[[4-[(benzyloxycarbonyl)me-
thylaminocarbonyl]phenylcarbonylj-L-valyl-L-prolyl-
Jamino-1,1,1-trifluoro-4-methyl-2-oxopentane (70 mg)
in a mixture of methanol (10 ml) and water (1 ml) was
hydrogenated over 10% palladium on carbon (1.0 g) at
3 atmosphere pressure of hydrogen for 3 hours at room
temperature. After the catalyst was removed by filtra-
tion, the filtrate was evaporated under reduced pressure
to give 3(RS)-[[4-(carboxymethylaminocarbonyl)-
phenylcarbonyl]-I.-valyl-L-prolyl]Jamino-1,1, 1-tri-
fluoro-4-methyl-2-oxopentane (61 mg).

mp: 99°-103° C.

TLC Rf: 0.17 (CHCl3:MeOH:AcOH =28:1:1)

EXAMPLE 14

To a solution of 3(RS)-[[4-[(3-benzoylmethoxycar-
bonyl)propylaminocarbonyljphenylcarbonyll-L-valyl-
L-prolyljamino-1,1,1-trifluoro-4-methyl-2-oxopentane
(120 mg) in acetic acid (5 ml) was added zinc powder
(120 mg) under ice-bath cooling. After the mixture was
stirred at room temperature for 2 hours, zinc was re-
moved by filtration. The filtrate was evaporated under
reduced pressure to give 3(RS)-[[4-[(3-carboxypropyl-
Yaminocarbonyljphenylcarbonyl]-L-valyl-L-prolyl-
Jamino-1,1,1-trifluoro-4-methyl-2-oxopentane (95 mg).

mp: 84°-86° C.

TLC Rf: 0.32 (CHCI3:MeOH:AcOH =28:1:1)

The following compounds were prepared by a similar
method to that of Example 13.

EXAMPLE 15

3(R or
S)-{[4-(Carboxymethylaminocarbonyl)phenylcar-
bonyl]-L-valyl-L-prolyl]Jamine-1,1, 1-trifluoro-2-ox0-4-
methylpentane

mp: 75°-120° C.

TLC (RP-18 WF354S (made by E. Merck)
Rf: 0.55 (MeOH:H20=6:5)

[a]lp??: —35.10° (C=0.105, MeOH)

EXAMPLE 16

3(R or
S)-[[4-(Carboxymethylaminocarbonyl)phenylcar-
bonyl]-L-valyl-L-prolyllamino-1,1,1-trifluoro-2-0x0-4-
methylpentane

mp: 90°-110° C.

TLC (RP-18 WF354S (made by E. Merck)
Rf: 0.50 (MeOH:H;0=6:5)

[a]p??: —50.04° (C=0.115, MeOH)
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EXAMPLE 17

3(RS)-[[4-[(1(S),3-Dicarboxypropyl)aminocarbonyl]-
phenylcarbonyl]-L-valyl-L-prolyllamino-1,1,1-tri-
fluoro-4-methyl-2-oxopentane

mp: 74°-76° C.
TLC Rf: 0.13 (CHCl3:MeOH:AcOH =8:1:1)

EXAMPLE 18

A solution of 3(RS)-[[4-[(4-nitrobenzyl)aminocar-
bonyijphenylcarbonyl]-L-valyl-L-prolyl)amino-1,1,1-
trifluoro-4-methyl-2-oxopentane (50 mg) in methanol
(10 m}) was hydrogenated over 10% palladium on car-
bon (10 mg) at 4 atmosphere pressure of hydrogen for 2
hours. The catalyst was removed by filtration and the
filtrate was evaporated under reduced pressure to give
3(RS)-[[4-[(4-aminobenzyl)aminocarbonyl]phenylcar-
bonyl}-L-valyl-L-prolyl]lamino-1,1, 1-trifluoro-4-meth-
yl-2-oxopentane (46 mg).

mp: 90°-92° C. |

TLC Rf: 0.44 (CHCl3:MeOH:AcOH=28:1:1)

EXAMPLE 19

To a solution of 3(RS)-[{4-(carboxymethylaminocar-
bonyl)phenylcarbonyl]-L-valyl-L-prolyl]amino-1,1,1-
trifluoro-4-methyl-2-oxopentane (0.50 g) in water (10
ml) was added IN aqueous sodium hydroxide (0.88 ml)
at room temperature. The solution was lyophilized to
give sodium salt of starting material (0.52 g).

mp: >230° C.

TLC Rf: 0.17 (CHCl3:MeOH:AcOH=38:1:1)

The following compound was prepared by a similar
method to that of Example 19.

EXAMPLE 20

A sodium salt of 3(RS)-[{4-[(3-carboxypropyl-
Yaminocarbonyl]phenylcarbonyl]-L-valyl-L-prolyl-
lamino-1,1,1-trifluoro-4-methyl-2-oxopentane

mp: 66°-69° C.

TLC Rf: 0.32 (CHCl3:MeOH:AcOH =8:1:1)

EXAMPLE 2]

To a solution of 3(RS)-{[4-{[2-(4-morpholino)ethyl]-
aminocarbonyl]phenylcarbonyl]-L-valyl-L-prolyl-
Jamino-1,1,1-trifluoro-4-methyl-2-oxopentane (80 mg)
in 1,4-dioxane (1 ml) was added 4N-hydrogen chloride
in dioxane (0.1 ml). The mixture was stirred at room
temperature for 10 minutes, and evaporated to give
3(RS)-{[4-[[2-(4-morpholino)ethyl]aminocarbonyl]-
phenylcarbonylj-L-valyl-L-prolyljamino-1,1,1-tri-
fluoro-4-methyl-2-oxopentane hydrochloride (83 mg).

mp: 64°-65° C.

TLC Rf: 0.24 (CHCl3::2MeOH=10:1)

EXAMPLE 22

3(RS)-[[4-(Benzyloxycarbonylmethylaminocar-
bonyl)phenylaminocarbonyl]-L-valyl-L-prolyljamino-
1,1,1-trifluoro-2-oxo-4-methylpentane (0.25 g) was pre-
pared from 3(RS)-[{4-(carboxy)phenylaminocarbonyl]-
L-valyl-L-prolyl}-amino-1,1, 1-trifluoro-2-0xo0-4-meth-
ylpentane (0.2 g) and glycine benzyl ester para-toluene-
sulfonate (0.13 g) by a similar method to that of Exam-
ple 1.

mp: 65°-70° C.

TLC Rf: 0.15 (CHCl3:MeOH =10:1)
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EXAMPLE 23

3(RS)-[[4-(Carboxymethylaminocarbonyl)-
phenylaminocarbonyl}-L-valyl-L-prolyl] amino-1,1,1-
trifluoro-2-oxo-4-methylpentane (0.14 g) was prepared
from  3(RS)-[{4-(benzyloxycarbonylmethylaminocar-
bonyl)phenylaminocarbonyl)}- L-valyl-L-prolyl]amino-
1,1,1-trifluoro-2-oxo0-4-methylpentane (0.2 g) by a simi-
lar method to that of Example 13.

mp: 98°-128° C.

TLC Rf: 0.25 (CHClsaMeOH:H2,0 =65:25:4)

EXAMPLE 24

22
EXAMPLE 29
A hydrochloride of 3(RS)-[[4-[[2-(4-morpholino)e-
thyl]Jaminocarbonyl]phenylcarbonyl]-L-valyl-N-(2-

indanyl)glycyllamino-1,1,1-trifluoro-4-methyl-2-0xo-
pentane (170 mg) was prepared by a similar method to

that of Example 21.

10

3(RS)-[[4-(Dimethylaminocarbonylmethylaminocar-

bonyl)phenylaminocarbonyl]-L-valyl-L-prolyl]Jamino-
1,1,1-trifluoro-2-oxo-4-methylpentane (0.03 g) was pre-
pared from 3(RS)-[[4-(carboxymethylaminocarbonyl)-
phenylaminocarbonyl]-L-valyl-L-prolylJamino-1,1,1-
trifluoro-2-oxo0-4-methylpentane (0.08 g) and dimethyl-
amine hydrochloride (0.012 g) by a similar method to
that of Example 1.

mp: 115°-125° C.

TLC Rf: 0.20 (CHCl3:MeOH=10:1)

EXAMPLE 25

3(RS)-[[4-[(Benzyloxycarbonyl)methylaminocar-
bonyllphenylcarbonyl]-L-valyl-N-(2-indanyl)glycyl-
Jamino-1,1,1-trifluoro-4-methyl-2-oxopentane (250 mg)
was prepared from glycine benzyl ester p-toluenesul-
fonate (118 mg) and 3(RS)-{(4-carboxyphenylcarbonyl)-
I -valyl-N-(2-indanyl)glycyl]amino-1,1,1-trifluoro-4-
methyl-2-oxopentane (206 mg) by a similar method to
that of Example 1. |

mp: 64°-66° C.

TLC Rf: 0.81 (CHCl13:2MeOH =10:1)

White powder

EXAMPLE 26

3(RS)-[[4-(Carboxymethylaminocarbonyl)phenylcar-
bonyl]-L-valyl-N-(2-indanyl)glycyllamino-1,1,1-tri-
fluoro- 4-methyl-2-oxopentane (195 mg) was prepared
from 3(RS)-[[4-][(benzyloxycarbonyl)methylaminocar-
bonyl]lphenylcarbonyl}-L-valyl-N-(2-indanyl)glycyl-
lamino-1,1,1-trifluoro-4-methyl-2-oxopentane (220 mg)
by a similar method to that of Example 13.

mp: 88°-91° C.

TLC Rf: 0.25 (CHCl3::MeOH:AcOH=16:1:1)

EXAMPLE 27

A sodium salt of 3(RS)-[[4-(carboxymethylaminocar-
bonyl)phenylcarbonyl]-L-valyl-N-(2-indanyhglycyl]-
amino-1,1,1-trifluoro-4-methyl-2-oxopentane (160 mg)
was prepared by a mmﬂar method to that of Example
19.

mp: 203°-205° C.

TLC Rf: 0.25 (CHCl3: MeOH AcOH=16: 1 1)

EXAMPLE 28

3(RS)-[[4-[[2-(4-Moi'pholino)ethyl]aminocarbonyl]-
phenylcarbonyl]-L-valyl-N-(2-indanyl)glycyllamino-
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mp: 96°-99° C.
TLC Rf: (.38 (CHC13 MeOH =10:1)

EXAMPLE 30

3(RS)-[[4-(ethoxycarbonyl)methylaminocarbonyl]-
phenylcarbonyl]-L-valyl-L-prolyljJamino-1,1,1-tri-
fluoro-4-methyl-2-oxopentane was prepared by a simi-

lar method to that of Example 1.
mp: 96°-99° C.

EXAMPLE 31

To a solution of 3(RS)-[[4-(ethoxycarbonyl)me-
thylaminocarbonyl]phenylcarbonyl}-L-valyl-L-prolyl-

Jamino-1,1,1-trifluoro-4-methyl-2-oxopentane (5.0 g) in

methylene chloride (60 ml), methanol (10 ml) and water
(25 m]) was added aqueous sodium hydroxide (NaOH

0.6 g in water (5 ml)) under ice-bath cooling After the

reaction mixture was stirred at 0°~10° C. for 10 minutes,
it was adjusted to pH 9 with 6N hydrochloric acid and
then aqueous solution was washed with methylene
chloride (60 ml). To the aqueous solution were added
sodium chloride (5 g) and ethylacetate (60 ml), and then
the mixture was acidified to pH 2 with 6N hydrochloric
acid. Ethyl acetate solution was washed with brine (30
ml), dried over magnesium sulfate and concentrated
under reduced pressure to the volume of 20 ml. The
concentrated solution was added dropwise to isopropyl
ether (225 ml) at room temperature. Precipitate was
filtered and then dried to give 3(RS)-[{[4-(carboxyme-

- thylaminocarbonyl)phenylcarbonyl]-L-valyl-L-prolyl-
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1,1,1-trifluoro-4-methyl-2-oxopentane (180 mg) was -

prepared from 4-(2-aminoethyl)morpholine (46 mg) and
3(RS)-[(4-carboxyphenylcarbonyl)-L-valyl-N-(2-
indanyl)glycyllamino-1,1,1-trifluoro-4-methyl-2-oxo-
pentane (206 mg) by a similar method to that of Exam-
ple 1.

mp: 76°-80° C.

TLC Rf: 0.38 (CHCl3: MeOH—- 10:1)

65

lamino-1,1,1-trifluoro-4- methyl 2-oxopentane (3 24 g).
mp: 99°-103° C.
We claim:
1. A trlﬂuoromethylketone compound of the formula:

R? R3
' I |
Rl NHCO—@— X=—CONHCHCO=—Y—CONHCHCOCF3;

wherein

Rl is Cj.¢ alkyl which has one or two substituents

selected from carboxy, esterified carboxy and di-
C1.6 alkylcarbamoyl; phenyl(Ci.¢)alkyl, the phenyl
moiety of which may have halogen or nitro or
amino substituents and the alkyl moiety of which
may have carboxy or esterified carboxy substitu-
ents; halo-phenyl; morpholino; or morpholino(C;.
6)alkyl,

R2 and R3 are each Ci.¢ alkyl,

X 1s — or —-NH—- and

Y is

~—NCH,—
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and pharmaceutically acceptable salts thereof.
2. A trifluoromethylketone compound according to
claim 1 having the formula:

RZ
|

R!=NHCO CONHCHCON

R3

:
CONHCHCOCF3

wherein

R! is Cj.¢ alkyl which has one or two substituents
selected from carboxy, esterified carboxy and di-
Ci.¢alkylcarbamoyl; phenyl(Cj.¢) alkyl, the phenyl
moiety of which may have halogen or nitro or
amino substituents and the alkyl moiety of which
may have carboxy or esterified carboxy substitu-
ents; halo-phenyl; morpholino; or morpholino(C;.
6) alkyl, and
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R2 and R are each Ci.¢ alkyl,
and pharmaceutically acceptable salts thereof.

3. A trifluoromethylketone compound according to
claim 2, wherein

R!is Cy.6 alkyl which has carboxy or esterfied car-

boxy substituents, and

R2 and R3 are each Cj.¢ alkyl.

4. A trifluoromethylketone compound according to
claim 3, wherein

R!is carboxymethyl, and

R2 and R? are each isopropyl.

5. A trifluoromethylketone compound according to
claim 4 which is 3(RS)-[[4-(carboxymethylaminocar-
bonyl)phenylcarbonyl]-L-valyl-L-prolylJamino-1,1,1-
trifluoro-4-methyl-2-oxopentane.

6. A trifluoromethylketone compound according to
claim 4 which is a sodium salt of 3(RS)-[[4-carboxyme-
thylaminocarbonyl)phenylcarbonyl]-L-valyl-L-prolyl-

lamino-1,1,1-trifluoro-4-methyl-2-oxopentane.
*x =%x = * ¥
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